Abstract. The first simulation experiment and output archives of the Project to Intercompare Regional Climate Simulations (PIRCS) is described. Initial results from simulations of the summer 1988 drought over the central United States indicate that limited-area models forced by large-scale information at the lateral boundaries reproduce bulk temporal and spatial characteristics of meteorological fields. In particular, the 500 hPa height field time average and temporal variability are generally well simulated by all participating models. Model simulations of precipitation episodes vary depending on the scale of the dynamical forcing. Organized synoptic-scale precipitation systems are simulated deterministically in that precipitation occurs at close to the same time and location as observed (although amounts may vary from observations). Episodes of mesoscale and convective precipitation are represented in a more stochastic sense, with less precise agreement in temporal and spatial patterns. Simulated surface energy fluxes show broad similarity with the First International Satellite Land Surface Climatology Project (ISLSCP) Field Experiment (FIFE) observations in their temporal evolution and time average diurnal cycle. Intermodel differences in midday Bowen ratio tend to be closely associated with precipitation differences. Differences in daily maximum temperatures also are linked to Bowen ratio differences, indicating strong local, surface influence on this field. Although some models have bias with respect to FIFE observations, all tend to reproduce the synoptic variability of observed daily maximum and minimum temperatures. Results also reveal the advantage of an intercomparison in exposing common tendencies of models despite their differences in convective and surface parameterizations and different methods of assimilating lateral boundary conditions.
Introduction
Contemporary global climate models have typical resolutions of the order of hundreds of kilometers or larger [Phillips, 1995] , in part due to computational constraints. Although this has been adequate for many purposes, it is not sufficient for resolving landscape regions that are important to human activities such as agricultural zones and watersheds of subcontinental size. Such PIRCS simulation experiment, including output and observational data sets archived for analysis. We also present some results from the first experiment which illustrate the collective capabilities of the participating models and this approach to climate simulation. Results demonstrate the advantage of an intercomparison in exposing common tendencies of models despite their differences in convective and surface parameterizations and different methods of assimilating lateral boundary conditions.
PIRCS Experiment 1
We describe here general features of Experiment 1. Specific technical details can be found at the PIRCS Web site, http ://www.pircs.iastate.edu.
Domain and Period
The [Stensrud, 1996] and mesoscale convective complexes [Maddox, 1980; Fritsch et al., 1986] for the periods simulated and thus conservatively assumed that differences between model output and observed behavior represent simulation errors due to factors such as construction and ingestion of boundary conditions and internal shortcomings in the models. This assumption is most reasonable for large-scale mass, temperature, and momentum fields and less so for humidity [Trenberth and Guillemot, 1995] . Initial and boundary conditions used the finest output resolution available, sigma-layer fields on the T62 Gaussian grid of the data assimilation cycle forecast model. PIRCS scientists at Iowa State University extracted initial and boundary conditions for the mesoscale models by interpolating reanalysis output to a 25 hPa vertical grid spanning 25-1050 hPa and three sets of horizontal grids: 0.5 ø latitude-longitude grid, 60 km polar stereographic projection, and 52 km Lambert conformal projection. The relatively high lower-boundary pressure of the driving conditions data set was chosen to accommodate mesoscale models in regions where their surface topography is lower, and thus at higher pressure, than the reanalysis topography. Horizontal interpolation was performed to produce driving files matching or nearly matching the standard PIRCS resolution of 60 km. A small degree of additional interpolation was needed to transfer initial and boundary condition files to forms actually ingested by individual models. However, by performing the initial coarse to fine grid interpolation, PIRCS scientists ensured that all models used nearly uniform interpolation of the reanalysis data to mesoscale resolution.
Oceanic portions of the simulation domain used sea surface temperatures (SSTs) derived from the reanalysis SST data set.
Output Archive
Anticipated analyses of model output have guided development of the structure of the output archive. A general goal of the archive is to permit analysis of key mesoscale features and of energy and water cycles linked to mesoscale behavior. Therefore most fields are saved at least 4 times daily to allow analysis of diurnal variability. An additional goal has been to have a relatively simple archive to minimize confusion and mistakes in creating it and to promote archive accessibility. Some fields such as precipitation and daily minimum and maximum temperature are included because they are observed at relatively high spatial resolution by climate-observing networks. Others, such as surface fluxes, are included even though they are more sparsely observed because of their key roles in regional energy and water cycles and their usefulness for interpreting how each model develops its climate. Archived output will be available to the general community, although users are required to maintain contact with PIRCS and participating modelers to ensure clear understanding of what models can and cannot do.
Participating Models
Participation in PIRCS currently is open to all modeling groups willing to perform the simulations and furnish output in the standard format. For this initial report, output is available from eight models. Table 2 gives a summary of key features of participating models.
3.
Initial Results
The 500 hPa Height Field
We used the NCEP reanalysis as a standard for evaluation of the magnitude of the 500 hPa height anomaly. We compared the 500 hPa height field for each model to that for the reanalysis using two statistics, the bias and the root-meansquare deviation (RMSD). Bias is simply the arithmetic mean of the difference between model-predicted and reanalysis 500 hPa height. Bias reflects systematic overpredictions or underpredictions, while transient positive and negative errors may cancel. Conversely, while errors of opposite sign will not cancel in the RMSD, information on the sign of the error is lost. Bias and RMSD were computed at all grid points from output archived every 6 hours. A rough scale for evaluating magnitudes of bias and RMSD is given by the NCEP 500 hPa temporal standard deviation, which was 60-100 m across much of the United States. Further analysis of predicted precipitation focuses on a portion of the Upper Mississippi River basin (37"N-47øN, 89øW-99øW) which is well resolved by PIRCS models (about 400 grid points) but poorly resolved by Global Climate Model (GCMs) or reanalysis data. Table 3 temporal isolation within a generally dry period, although as before, some difficulty is noted for individual models in simulating the correct precipitation amount. Giorgi [1990] and Giorgi and Mearns [1991] report that their regional model run in climate mode was capable of transporting remotely introduced water vapor and producing precipitation that on average matches observed spatial and temporal patterns reasonably well. Our results suggest that this capability is shown more generally by regional models having a wide variety of convective and surface parameterizations and different methods of assimilating lateral boundary conditions. While the primary focus of PIRCS is the central United States, it is of interest to evaluate model performance for other portions of the domain. Here we briefly examine the temporal trends of area-average precipitation in three latitude-longitude rectangles corresponding to three regions within the domain of most PIRCS (Figure 10b) . We again find a tendency for most participating models to overpredict precipitation amounts.
This does not take the form of a constant bias but also reflects a tendency for some models to produce precipitation during observed dry spells. Precipitation in the southwest U.S. box was strongly related to the development of a vertically stacked low over Baja California about June 18. Prior to this development, low-level moisture was limited over Arizona and New Mexico, so despite the passage of a number of upper level disturbances, very little rain was generated. Upper level disturbances were much less frequent, while the Baja low was established as well as after its demise. Much of the accumulated rain fell during this time because events were frequent and daily rain rates were very high. Peaks in the time series correspond to the passage of upper level systems.
Precipitation in the southwestern United States is of interest in its own right and also because it reflects the dynamics of the North American monsoon system (NAMS), which has important influences on dynamics and precipitation over our central U.S. _,.,,,,,,,,,,,, ,. , ,.. ,. . 
Summary
Limited-area models forced by large-scale information at lateral boundaries are able to reproduce bulk temporal and spatial characteristics of meteorological fields during the 1988 drought. The mean 500 hPa height field is generally well simulated, as is its temporal variability. There is some evidence that model skill varies with the synoptic regime in a common way. Specifically, most models simulate well situations dominated by a ridge or zonal flow as measured by the root-mean-square deviation from the reanalysis data, while periods affected by shortwave lows or troughs (especially cutoff lows) tend to have larger RMSD.
Simulation error of precipitation episodes varies depending on the scale of the relevant dynamical forcing. Organized synopticscale precipitation systems are simulated deterministically, in that
